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An ESSAY to improve the THEORY o/'DEFECTIVE 
SIGHT. By the Rev. JOHN STACK, F.T.C.D. and 
M, R. I. A. 



A H E common theory of dcfcdive fight attributes the confu- Read Jan. 
fion in imperfect vifion to the interfedion of the rays of each 
pencil that enters the eye, in points either before or behind the 
retina. It ftates the former of thefe defeds as proceeding from 
too great a convexity of the cornea, or of the chryftaUine 
humour, or of both j and the latter from the contrary ftrudure 
of thofe parts of the eye. Befide thefe fcarce any other caufes 
are affigned, or any farther explanation of the defeds given. 

This, however, feems inadequate to the folution of feveral 
phaenomena in cafes of defedive fight that frequently occur j fuch 
as the following : 

I. I HAVE frequently caufed fhort-fighted perfons to place a 
printed book a little beyond their limits of diftind vifion j then 
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applying a card, with a fmall hole made in it, to the eye, they 
read at the above-mentioned diftance with great cafe. 

2. Observing the cffed of this experiment to be more ftriking 
than ufual in a pcrfon the pnpil of whofe eye was very large, 
I meafured the dillances at which he could read when the pupil 
was dilated, and when it was contraded, and found the former 
lefs than the latter by about two inches. 

N. B. These cafes are the more remarkable, as the quantity 
of light incident from the object on the eye is diminifhed in each 
of thefe experiments *, and confequently the vividnefs of the pic- 
tures on the retina ; therefore a conliderable degree of diftindnefs 
muft have been procured to overbalance the difadvantage that the 
lofs of light occafioned. 

3. I HAVE met with cafes, though not frequently, of defedivc 
iighted perfons whofe fight was fuch as to be incapable of being 
affifted by any double-concave or convex glaffes. Some of them 
found vifion a little more diftind through a pin-hole in Jirong 
light, others not. 

These cafes do not appear at all explicable on the vague theory 
of defedive fight generally received ; and perhaps others of a 
fimilar defcription may occur, or have already occured to more 
accurate and extenfive enquirers. 

* Hence the reafon why thefe experiments are attended with more remarkable 
efFefts in ftrong than in weak light. 
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That fuch phaenomena however may refult from various de- 
feds in the ftrudlure of the eye, will be evident to any one 
who confiders the exad conformation and adjuftment of its parts 
neceffary to produce perfedt vifion. Thefe requifites indeed are 
fo many, and of fo fubtile a nature, that it feems much more 
furprizing that fo delicate an organ fhould not be oftener rendered 
imperfed by accident or natural infirmity, than that fo many 
inftances of defedivc fight fhould be met with, 

A DEVIATION from the juft form or refradivc power of any of 
the different humours might be Ihown (from optical principles) 
capable of cauling the phaenomena above-mentioned ; but as the 
chryftalline humour is the principal inftrument in vifion, it will 
be fufiicient to point out the efFeds arifing from any deficiency in 
its ftrudure, efpccially as the number and minutenefs of the cir- 
cumftances neceffary to its perfedion make this humour more 
liable to incur the defed than either of the others ; and as any 
remedy applicable to the removal of errors hence arifing will be 
found equally fo to that of errors occafioncd by the imperfedion 
of the aqueous or vitreous humours. 

The chryflalline humour being in the form of a double convex 
lens, it is evident that when parallel rays are incident on it, 
thofe fall more obHquely on its furface which are more remote 
from the vertex or middle point of that furface. Now if that 
humour were of uniform denfity, the refradion of the remote 
rays would fo far exceed that of the central ones as to interfed 
each other nearer to the chryftalline than the mutual interfedion 
of the more central rays j therefore if one of thefe intcrfedions 
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(or foci) be at the retina, the other muft be removed from it, and 
confequently a confufion would enfue in the pidure on the 
retina. 

It is however well known that nature has ufed an admirable 
precaution againft this imperfedion, by gradually diminifhing the 
denfity (and therefore the refradtive power) of the chryftalline 
from the centre toward the edges ; fo that the excefs of refradion 
arifing from obliquity of incidence fhould ferve as a compenfation 
for the defed of it, owing to the diminution of denfity, and thus 
in ferfeB vijion produces this eifed, that both the extreme and 
central rays of the incident pencil fhould be brought to a com- 
mon focus exadly on the retina. 

Let us now fuppofe a chryftalline humour of fuch a form as 
it ufually has in a perfed eye, and at the central parts of a juft 
denfity, but whofe denfity is not fufHcicntly diminifhed in pro- 
ceeding from the centre to the edges : From what has been jufl 
obferved on the cafe of uniform denfity in the chryftalline, it 
is plain that the exterior rays of the incident pencil, and thofe 
only, will in the prefent cafe fuffer too great a refraction, and 
produce confufion in the pi6lure on the retina ; confequently if 
thefe be intercepted, and the central rays alone tranfmitted to the 
eye (as is done in the firft experiment by the pin-hole) vifion 
will be diftindl, and no obftacle to its perfedion will remain but 
what arifcs from want of fufEcient light. Vid. Fig. I. 

Fig. II. Even though the denfity of the chryftalline were every 
where too great as well toward the centre as toward the edges, 
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yet as the diffufion O S, occafioned by the central rays, is far Icfs 
than T V, that caufed by the exterior rays, vifion, though not 
rendered perfedly diftind by the exclufion of the exterior rays, 
will be made more clear than before, unlefs the denfity be very 
much greater than it fhould, in whicfi cafe the diffufion O S 
might be fo great as to impede vifion entirely, as well as the diffu- 
fion T V, which is greater than it, 

I HAVE here fuppofed the rays parallel, for the purpofe of 
confidering the view of remote obje£ls ; but the reafoning will 
equally apply to rays fcnfrbly diverging, and fo will illuflrate as 
well the view of nearer objeds. 

These obfervations, if juftly founded, might ferve to fhew 
the rcafon of what occurred ih the fecond experiment, where the 
confufion of vifion was fo much dirainifibed by the contradion 
of the pupil, the Iris in fuch a cafe intercepting thofe rays 
which caufed a confufion when the pupil was dilated; in the 
fame manner as the card in the firft experiment intercepted the 
rays that caufed confufion to the naked eye. 

It appears to me that the defed of all fhort-fighted perfons 
who are alfifted by concave glafTes is probably of that kind repre- 
fented in Fig. II. becaufe as the refradion of a lens afieds any 
rays that fall on it (except that in its axis) and as the refradion 
is conflantly "greater the more remote the incident rays are 
from the axis, fo where fuch a glafs renders vifion diflind, 
errors of refradion muft have taken place in the eye, previous to 
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the application of the glafs, equal and contrary to thofe refradlions 
"which have removed them. 

If the defed were not of this nature^ but that all the rays 
were brought to a focus in the fame point before the retina, a 

Fig. III. lens, the refradion of whofe central parts would bring the rays 
near the axis to a focus at the retina, will, by the greater 
refradion of its exterior parts, remove the focus of the more 
remote rays behind the retina. Or even though all the rays 
did not meet in a point, yet if their interfedions were all very 

Fig. IV. clofe to each other, and at a confiderable diftancc from the 
retina, the efFed of a concave glafs would be the fame as before, 
and while it deftroyed the difFufion of the central rays, would 
leave a difFufion of the exterior rays remaining, or vice verfa. 

On the other hand, if the foci of the extreme and central 
Fie V ^^y^ within the eye fall before the retina, and are too diftant 
from each other, no double concave of the ufual form (i. e, of 
equal curvature on each fide) can deftroy the error of the one 
kind of rays, without generating or leaving one of the other 
kind. 

Now, if any glafs can be contrived in which the quantity of 
refradion of the central rays can be made the fame as in a 
double concave, while that of the exterior rays is diminiflied, 
it would feem that the former error might be avoided ; and on 
the contrary, that the laft mentioned error might be compenfatcd, 
if the glafs were fo contrived as to make the exterior rays 
fufFer a greater refradion than they do in the double concave, 
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the rcfradion of the central rays remainirg the fame as before. 
And perhaps it will appear that thcle cffeds may be produced 
by a concavo-convex glafs of greater curvature on the concave 
fide than on the convex, efpecially if the thickncfs of fuch a 
lens be made greater than ufual j bccaufc the thicker the lens 
is, the nearer will an exterior ray be brought to the vertex of the 
fecond furface, and therefore its incidence, and confequently its 
refradion by that furface, will be the lefs, as in Fig. VI. j 
vice vcrfa in Fig. VII. 

We fee that in the double concave the refradlion of an exte- 
rior ray, by the firft furface, is greater than that of a central 
ray, and as its efFe£t is to caufc a divergence, the refradion of 
the firfl furface will add more to the effed of the fecond furface 
(which is alfo to caufe divergence) upon the exterior rays than 
upon the central. 

I. In the fame manner in the concavo-convex (the rays 
falling on the convex fide) the refradion of the exterior rays 
by the firft furface is greater than that of the central rays ; 
but thefe refradions are decrements of the divergence caufed 
by the fecond furface ; therefore the divergence of the exterior 
rays is more diminiflied than that of the central rays, and there- 
fore may be made lefs than that of the exterior rays made by 
a double concave, while the divergence of the central rays 
caufed by both is the fame. 

2- Let the rays fall on the concave fide. Fig. VIII. In this cafe 
the divergence of the exterior rays by the concave is greater than 
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that of the central rays j hence the incidence of the exterior 
rays on the fccond furfacc may be made lefs than that of the 
central rays, and therefore the refradion of the former ray 
into air may be lefs than that of the latter ; that is (fince thefe 
refradlions caufe a convergence) the divergence of the exterior 
rays is lefs diminiflied than that of the central, therefore 
the exterior rays will for both reafons diverge more than the 
central. 

This, it will be faid, is equally cfFeded by a double concave j 
but if the curvature of the firft furface in the concavo-convex 
be confiderable in refpedl of that of the fecond furface, it may 
be brought to pafs that the incidence of the exterior rays on the 
fecond liirface fhall be of a different affedion from that of the 
central rays, and therefore that the refradion of the fecond 
furface may augment the divergence of the former, while it 
diminifhes the divergence of the latter, and thus caufe a greater 
divergence of the exterior rays than can be effeded by the double 
concave, while the divergence of the central rays caufcd by both 
is the fame. 

These expedients feem capable of correding the unufual 
errors of ftiort fight, that cannot be removed by any double- 
concave glafs, if they ihould be occafioned by the caufes that 
I have fuppofed, i. e. by confiderable errors of fphericity. 

And it feems probable, from what has been faid, that fuch 
defed is occafioned by thofc caufes, where perfons of the above 
defcription are affifted in vifion by looking through a pin-hole, 
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and that they may try the effed of the concavo-convex poflibly 
with advantage. 

And if any chromatic errors fhould accompany thefe errors 
of fphericity, as probably there would, they will be diminifhed 
or removed by the difperfion that attends the refradion of the 
glafs. 

But where the application of a pin-hole to the eye docs not 
render vifion more diftinft, the defed probably does not arife 
from fuch imperfcd ftrudure * of the eye as has been fuppofed, 
but from fome other caufe, as turbid humours, callofity of the 
retina, or reflexion of the oblique rays from the fides of the eye, 
by which the pidures on the back part of the retina would be 
confufed. 

Dr. Porterfield and others account for the diftindnefs afforded 
to fhort-fighted perfons by looking through a pin-hole, by the 
diminution of the breadth of the pencil incident upon the retina, 
fuppofing flill that all the rays interj'e£l in one point within the eye ; 
but befide that the breadth is not fo much lefTened on that hypo- 
thefis as on the hypothcfis here given, and therefore the phseno- 
menon not fo adequately accounted for, it alfo feems a very 
extraordinary and improbable fuppofition, that while all the nume- 

* It is poffible that the ftrufture of the eye might be fuch as that the foci of 
the exterior and central rays would fall at different fides of the retina, which defe£l; 
would not be eafily remedied ; but even this I conceive might be accomplifhed by 
combinations of different lenfes, like the compound objeft-glafles of Dolland. 
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rous parts of fo delicate an organ as the eye are difbrdered or 
deranged, yet that fo exad a harmony in error fhould be obferved 
among them, as to bring the rays of every different pofition to 
one common interfedtion at an improper place. 



